Abstract: Purpose: Apremilast, an oral phosphodiesterase-4 inhibitor, is effective and well tolerated in the treatment of moderate-to-severe psoriasis. The cost-effectiveness of introducing apremilast before biologics was assessed from a UK payer perspective. Materials and methods: A 10-year Markov cohort model was developed to compare alternative treatment sequences: (1) apremilast followed by adalimumab and etanercept and (2) adalimumab followed by etanercept. Non-responders moved to the next treatment line, and patients for whom etanercept therapy failed continued on best supportive care (BSC) in both sequences. Response was defined as a ≥ 75% reduction in Psoriasis Area and Severity Index score (PASI-75) at the end of the trial periods (12-16 weeks). A network meta-analysis provided efficacy inputs. Results: As a treatment-extension strategy, apremilast had an incremental cost-effectiveness ratio of £20,593 per quality-adjusted life-year gained versus the comparator sequence. PASI-75 was sustained for 0.73 additional years, and the total time on biologics and BSC was reduced by 0.44 and 1.01 years, respectively. These results were consistent with findings from sensitivity and scenario analyses. Conclusions: Apremilast, an oral treatment option for the treatment of moderate-to-severe plaque psoriasis, is costeffective from a UK payer perspective when administered before biologics based on assumptions detailed within this analysis.
Anthony Bewley is a Consultant Dermatologist at Barts Health (The Royal London Hospital and Whipps Cross University Hospitals NHS Trust). He qualified from Bristol University Medical School in 1987 and has trained in general dermatology, becoming a consultant in 1996. He has been clinical director for acute medicine at WXH; North Thames lead for the new consultants committee at the Royal College of Physicians, and editor of the RCP Newsletter. Dr Bewley has developed in interest in psychodermatology. He has a specialist psychodermatology clinic at least every week at the Royal London Hospital. Dr Bewley is very active in research and has written many peer reviewed papers, chapters and textbooks on a variety of skin diseases including psoriasis. He is chief investigator, and principal investigator for many research studies each year. He is national sub lead for the NIHR CLRN, and North Thames BAD representative.
PUBLIC INTEREST STATEMENT
Plaque psoriasis is a chronic inflammatory disease that affects 1-3% of the UK population. Apremilast is an oral non-biologic medication indicated for the treatment of moderate-tosevere chronic plaque psoriasis in adult patients who failed to respond to or have a contraindication to, or are intolerant to other systemic therapies. We assessed the cost-effectiveness of introducing apremilast in the current treatment portfolio for psoriasis from the UK payer perspective. The results of this analysis show that the use of apremilast, in a clinically relevant position before biologic therapy, resulted in less time on best supportive care and injection-based biologic therapy, and was found to be a costeffective strategy for the NHS compared with biologic therapy alone.
Introduction
Plaque psoriasis is a chronic, systemic, inflammatory disease that affects between 1.3% and 2.6% of the UK population (Parisi, Symmons, Griffiths, & Ashcroft, 2013) . Health-related quality of life (HRQoL) surveys in the United Kingdom involving patient-reported outcomes demonstrate that psoriasis has a negative impact on patients' psychosocial functioning (Anstey, McAteer, Kamath, & Percival, 2012; Lebwohl et al., 2014; Nash, McAteer, Schofield, Penzer, & Gilbert, 2015) . Furthermore, the economic burden associated with psoriasis management poses a significant challenge to limited healthcare resources. European studies have estimated that moderate to severe plaque psoriasis is responsible for €5397 to €5690 in annual direct medical costs per patient (Colombo et al., 2008; Schoffski et al., 2007) .
The emergence of biologic agents over the past 15 years has improved the treatment of psoriasis, offering effective alternatives for patients who are unresponsive to, or intolerant of, conventional systemic therapies (Sivamani et al., 2013) . Biologic therapies, although effective, are associated with adverse events (AEs) such as infusion site reactions and increased risk of infection, and may have limitations such as the injectable mode of administration, regular monitoring required in the summary of product characteristics, and tolerability and safety concerns (Carretero et al., 2015; Gniadecki et al., 2015; Kalb et al., 2015; Lebwohl et al., 2014; Levin, Gottlieb, & Au, 2014) . Furthermore, waning efficacy over time leads to frequent dose escalation, treatment switching, or discontinuation (Warren et al., 2015 , Levin, Gottlieb, & Au, 2014 Lebwohl et al., 2014; Yeung et al., 2013; Iskandar et al., 2017) . National Institute for Health and Care Excellence (NICE) Clinical Guideline 153 recommends switching to a second biologic following failure of a first-line biologic therapy; however, the optimal sequence of biologics has yet to be determined (Leman & Burden, 2012 , National Institute for Health and Care Excellence, 2012a). The annual cost of biologic treatments for psoriasis is expensive and contributed to an overall increase in mean cost per patient of £7774 in the 12 months following initiation of biologic therapy, emphasizing the significant economic burden on the UK National Health Service (NHS) (Cheng & Feldman, 2014; Fonia et al., 2010) . Unmet need is prevalent among patients who experience failure of, or have a contraindication to receiving, conventional systemic therapies prior to biologic therapy who have significant disease burden. Likewise, patients who are not candidates for biologic therapy or may be intolerant of other therapies are in need of treatment alternatives. Under-treatment and suboptimal disease management exacerbate the negative impact on patients' work, personal, and social lives (Anstey et al., 2012; Nash et al., 2015) . Moreover, the high cost of acquiring biologic therapies contributes to the increased economic burden of psoriasis management to the health service (Fonia et al., 2010) . In addition to cost, patient preference is an important determinant in treatment choice and supporting preferences may result in better outcomes from treatment through improved adherence and compliance (Eliasson et al., 2017) .
Apremilast is an oral phosphodiesterase-4 inhibitor that regulates pro-and anti-inflammatory mediators implicated in psoriasis (Schafer et al., 2010) . The efficacy and safety of apremilast for the treatment of moderate to severe psoriasis was established in two pivotal phase III clinical trials: ESTEEM 1 (NCT01194219) (Papp et al., 2015) and ESTEEM 2 (NCT01232283) (Paul et al., 2015) . Data through 3 years for apremilast shows no increase in severity or frequency of AEs including risk of infection with longer-term exposure (Crowley et al., 2017) . In the European Union, apremilast is approved for patients whose condition fails to respond to, who have a contraindication to, or who are intolerant of other systemic therapies ('Otezla Summary of Product Charcteristics ', 2015) .
In November 2016 and February 2017, NICE published final guidance recommending apremilast for use in moderate to severe psoriasis and psoriatic arthritis, respectively, on the NHS (National Institute for Health and Care Excellence, 2017, 2016) . The Summary of Product Characteristics (SmPC) for apremilast does not specify the requirement for screening at treatment initiation or regular laboratory monitoring for toxicity ('Otezla Summary of Product Charcteristics', 2015) , which may favourably impact patient convenience and reduce NHS resource use leading to potential cost savings.
In order to aid UK decision makers on the efficient allocation of resources given a fixed budget, an assessment of cost-effectiveness is usually required. This study sought to determine the costeffectiveness of apremilast treatment, placed in sequence prior to tumour necrosis factor-alpha (TNF-α) inhibitors, in patients for whom traditional systemic therapy had failed. As part of the analysis, a systematic literature review and network meta-analysis (NMA) were conducted to provide indirect comparisons because head-to-head comparisons of apremilast with other approved therapies are lacking.
Materials and methods

Systematic literature review and network meta-analysis
Literature review
A systematic literature review of content published through February 2015 was performed to identify reports of all randomized controlled trials (RCTs) relevant for the NMA. The PubMed/ Medline, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov databases were queried using psoriasis-and drug-specific search terms and the interventions of interest (ie, apremilast, adalimumab, etanercept, infliximab, and ustekinumab) . (See Table A1 for the detailed search strategy.) An RCT publication was deemed to meet inclusion criteria if it: (1) had a study population composed of psoriasis patients aged ≥ 18 years (unless outcomes for adult patients were reported as subgroups); (2) included one or more treatments of interest as systemic monotherapy; and (3) reported one or more of the desired efficacy/safety endpoints (ie, PASI outcomes, AEs, and discontinuation) (Table A2 ). Only English-language publications were retained, and no restrictions were imposed on publication date. Open-label extension studies were eligible only if they were randomized and comparator-controlled. Excluded were non-randomized studies (eg, case reports, case series, and observational studies), single-arm studies, and studies in which different dosages or formulations of the same drug were examined but a comparator was not included. Also excluded were studies without full text and studies that concerned nail psoriasis. Conference abstracts and presentations were omitted.
In addition, the references cited in systematic reviews, meta-analyses, and health technology assessment (HTA) documents were examined to uncover publications that might not have been captured during the searches. To ensure comprehensive and accurate data collection from each study, pertinent data were extracted by two independent reviewers and collated to check for inconsistencies, which were resolved.
NMA methodology
An NMA based on published models was conducted in WinBugs (MRC Biostatistics Unit, Cambridge, UK) using a Bayesian analysis framework. Non-informative prior distributions were used so that model outcomes would be determined only by the clinical trial data. The meta-analysis included the PASI-50, PASI-75, and PASI-90 outcome measures. To make efficient use of the data for this type of measure, a multinomial model with a probit link was used (Dias, Sutton, Ades, & Welton, 2013) . The results are presented as the probabilities of achieving PASI-50, 3. Cost-effectiveness analysis
Model overview
A Markov state-transition cohort model was developed in Excel 2013 (Microsoft, Redmond, WA, USA) to allow comparison between treatment sequences. This was done because patients with psoriasis are more likely to receive multiple lines of therapy due to AEs or waning efficacy. The model framework was adapted from the University of York Assessment Group model for psoriasis, which was validated by a UK clinician (Woolacott et al., 2006) .
In this sequential-treatment model, each treatment line was considered as a mutually exclusive health state. The health states are illustrated in Figure 1 . Patients entered the model in a heath state dictated by the treatment pathway under investigation. In the apremilast cohort, patients entered the model in the "apremilast trial period" health state, whereas patients in the comparator cohort began with the selected biologic therapy. The biologic treatment sequence used in the base case was determined by expert opinion. For patients not responding to or discontinuing other treatment options, the sequence consisted of adalimumab, followed by etanercept, and then BSC. Patients who had been receiving apremilast as first-line therapy subsequently were transitioned to the biologic-therapy sequence. Patients in the comparator sequence initiated on adalimumab and then transitioned to the next biologic therapy in the sequence (Iskandar et al., 2017) .
Response to active therapy was assessed after the respective trial period (ranging from 12 −16 weeks) using the PASI-75 response criteria. Patients who achieved this outcome were assumed to remain on the treatment until withdrawal due to either loss of efficacy or another cause according to a comprehensive, long-term withdrawal probability. Non-responders and patients who discontinued during the continued-use period were assumed to progress to subsequent lines of therapy.
The model was based on a cycle length of 28 days because this offered the best compromise for the different durations of the apremilast and biologic trial periods. A time horizon of 10 years was considered in the base case, which is consistent with other published economic evaluations of psoriasis (Pan et al., 2011, Royal College of Physicians (UK) . National Clinical Guideline Centre (UK), 2012a; Woolacott et al., 2006) .
Inputs
The mean age and body weight of patients consisted of pooled estimates from apremilast phase III clinical trials (Table 1) (Papp et al., 2015; Paul et al., 2015) . Trial period lengths were based on economic evaluation and phase III clinical trials (Bansback et al., 2009; Griffiths et al., 2010; Pan et al., 2011) . Specifically, the duration was set to 16 weeks for adalimumab and 12 weeks for etanercept. The trial period for apremilast was 16 weeks, which corresponds to the time point used to evaluate treatment response for the primary endpoint in the phase III RCTs (Papp et al., 2015; Paul et al., 2015) .
Efficacy estimates
Due to the lack of head-to-head trial data for apremilast versus the comparators routinely used in NHS practice, PASI response rates for all treatments were derived from the NMA results ( Table 2) . Response rates for patients on BSC were assumed to be similar to those of the placebo group, and treatment response for each therapy was assumed to be constant across cycles, similar to previous cost-effectiveness studies of psoriasis (Bansback et al., 2009; Griffiths et al., 2010; Pan et al., 2011; Woolacott et al., 2006) . The model also assumed that withdrawals occurred in the 'continued use' health state, where a 20% annual dropout probability was applied for each drug. This assumption was made in other recently published cost-effectiveness analyses (CEA) (Loveman, Turner, Hartwell, Cooper, & Clegg, 2009; Pan et al., 2011; Woolacott et al., 2006) . All-cause mortality, based on life tables for England and Wales, was incorporated into all health states (Office for National Statistics).
Both baseline utility and changes in utility were obtained from pooled estimates of apremilast trial data (Table 1) . Utility gains from treatment were estimated using the mean difference in EQ-5D scores from baseline for each PASI category (ie, < PASI-50, ≥ PASI-50 to < PASI-75, ≥ PASI-75 to < PASI-90, and ≥ PASI-90).
Costs
Treatment frequency, dosage, and mode of administration were based on product labels and clinical input. Resource use associated with monitoring, routine laboratory tests, physician visits, and administration was obtained from a recent cost-effectiveness study conducted by the National Clinical Guidelines Centre (NCGC) ( Table A3 ) (Royal College of Physicians (UK). National Clinical Guideline Centre (UK), 2012a, 2012b). Apremilast was assumed to require the same number of physician visits as both adalimumab and etanercept. Drug-acquisition costs were quoted from the 2015 British National Formulary (BNF) (Joint Formulary Committee, 2014) . Administration costs were obtained from the NCGC study; costs for physician visits reflected NHS reference costs (2012/2013); and monitoring costs were sourced from the NCGC and the literature (NHS Department of Health and Social Care (UK), 2015; Royal College of Physicians (UK). National Clinical Guideline Centre (UK), 2012a; Woolacott et al., 2006) . One inpatient day per cycle was assumed for non-responders. Hospitalization costs for non-responders and BSC were obtained from a 2010 study by Fonia et al. (Fonia et al., 2010) . The evaluation was undertaken from the NHS and Personal Social Services (PSS) perspective, and therefore included only direct healthcare costs.
Outcomes
The model outcomes were quality-adjusted life years (QALYs) gained, total costs, and the incremental cost-effectiveness ratio (ICER). Costs and outcomes were discounted at 3.5% per year in accordance with the NICE reference case (National Institute for Health and Care Excellence, 2012a). The amount of time spent on biologics and BSC was assessed in some scenario analyses.
Sensitivity analyses
Deterministic sensitivity analyses (DSA) and probabilistic sensitivity analyses (PSA) were performed to investigate uncertainty in the results. The specific inputs that were varied are listed in Table 1 . Posterior distributions from the NMA were used for efficacy data in the PSA.
Alternative scenarios
Various scenarios were investigated within the analyses, including modifications to the following: position of apremilast within the treatment sequence; time horizon; efficacy decline of second-line (Papp et al., 2015; Paul et al., 2015) Mean weight
92.63
Pooled apremilast trial data (Papp et al., 2015; Paul et al., 2015) Mean baseline utility 0.65
Pooled apremilast trial data Efficacy data BNF = British National Formulary; BSC = best supportive care; CI = confidence interval; DSA = deterministic sensitivity analyses; EQ-5D = European Quality of Life-5 Dimensions; GFR = glomerular filtration rate; HAQ = Health Assessment Questionnaire; NHS = National Health Service; NMA = network meta-analysis; PASI = Psoriasis Area and Severity Index; PIINP = type III procollagen peptide. Data are expressed as probability (95% credible interval). PASI = Psoriasis Area Severity Index.
PASI
biologic therapies after failure of first-line biologics or apremilast; utility estimates; trial duration for apremilast (ie, using 24 weeks instead); assumptions for the apremilast long-term withdrawal probability; resource-use estimates for BSC; and length of treatment sequences. To simulate efficacy decrement for biologics following first-line biologic failure, a 13.7% reduction in PASI response rates (based on Mazzotta, Esposito, Costanzo, & Chimenti, 2009 ) and an 82% increase in dropout rates (based on Gniadecki, Kragballe, Dam, & Skov, 2011) were incorporated.
Results
Network meta-analysis results
Of the initial 1223 unique articles identified during the systematic literature review, 195 were shortlisted for full-text review after screening abstracts and titles. Twenty-four trials, including three phase III apremilast studies, ultimately were selected for the NMA (Table A4) . A randomeffects model was chosen for the NMA because the fit was slightly superior to the fixed-effects model and to account for heterogeneity among the studies. The NMA results (Table 2) suggest that PASI outcomes for apremilast 30 mg, administered twice daily, were superior to those of placebo.
Base-case analysis
The base-case results indicate that placing apremilast ahead of TNF-α inhibitors generates a QALY gain of 0.09 compared with TNF-α inhibitors alone, and increases costs by £1882 during a 10-year period, resulting in an ICER of £20,593/QALY gained (Table 3 ) (2012b). Use of apremilast shortened the average time spent on biologics by 0.44 years (3.92 vs 4.36 years), and increased the average time spent at PASI-75 by 0.73 (4.58 vs 3.84 years). Moreover, the time in BSC decreased by more than a year in the apremilast sequence (4.50 vs 5.52 years).
Drug-acquisition costs represented 68.56% of total costs for the apremilast sequence, whereas these costs accounted for 61.93% of the total costs in the comparator sequence. Accordingly, BSC costs were higher for the comparator sequence than for apremilast (34.75% vs 27.23%). The share of monitoring and administration costs and hospitalization costs was comparable across sequences (3.76% vs 3.13%, and 0.45% vs 0.20%, respectively).
Sensitivity analysis
DSA and PSA results indicate that the uncertainty surrounding the model parameters did not affect the base-case conclusions. In the DSA (Figure 2) , the ICER for the apremilast sequence was most sensitive to the cost of BSC per cycle (range, £9728/QALY-£31,458/QALY) and was found to be inversely related to this parameter value. Utility gains for PASI-0 to PASI-50 and for PASI-75 to PASI-90 also were key cost-effectiveness drivers. When higher utility gains were assumed for PASI-0 to PASI-50, the apremilast sequence was less favourable than the base case (£28,409/QALY), whereas assuming higher gains for PASI-75 to PASI-90 had the opposite impact (£16,425/QALY). Discount rates for both costs and utilities were among the other influential DSA parameters.
The ICER from the PSA, which was calculated based on 5000 individual simulations (Figure 3 ), was consistent with the deterministic ICER (£19,570/QALY vs £20,593/QALY). The base-case apremilast sequence was cost-effective in 51% and 91% of scenarios at willingness to pay (WTP) thresholds of £20,000 and £30,000/QALY, respectively (Figure 4 ). All simulations fell in the northeast quadrant of the cost-effectiveness plane, indicating 100% probability of the apremilast sequence being more effective than the comparator sequence.
Alternative scenarios
In addition to the sensitivity analyses, various alternative scenarios were tested to understand the implications of alternative treatment sequences, assumptions, and time horizons (Tables 3 and 4, Figure 5 ). In the vast majority of scenarios, positioning apremilast before biologic treatment was cost-effective at a WTP threshold of £30,000/QALY gained. Of note, the ICER for the apremilast sequence was consistent with the base case when withdrawal rates were reduced and when costs associated with BSC resource use were increased. Alternative utility estimates from published literature had equivocal consequences; those from the study by Woolacott et al. (2006) led to a small decrease in the ICER, whereas the higher figures from NICE TA350 (2015) increased the ICER. Although apremilast was cost saving but less effective over a 1-year time horizon, this intervention proved cost-effective over the medium-(5 and 10 years) and long-term (40 years).
Apremilast remained a cost-effective intervention when included in the other proposed treatment sequences (Table 4 ). The ICER was consistent with the base case when the anti-IL/12/23 ustekinumab was included in the sequence after adalimumab, and with each supplementary biologic appended to the treatment sequence. Inclusion of apremilast before a sequence of four biologics was a dominant strategy. The total time on biologics for patients treated with apremilast decreased as the treatment sequence became longer (-0.25 years for a single-biologic sequence versus -1.07 years for a four-biologic sequence) (Figure 6 ). Apremilast remained cost-effective when Benepali (biosimilar etanercept) was included in place of Enbrel in an exploratory analysis. Non-responder cost (£225.00) (Fonia et al., 2010) 
Discussion
Apremilast is an orally administered, novel inhibitor of PDE-4 that does not require pre-screening or routine laboratory monitoring for toxicities within the SmPC. The efficacy and safety of apremilast have been demonstrated in two large phase III RCTs. In addition to demonstrating efficacy on conventional skin outcomes such as PASI used for regulatory purposes in clinical trials, apremilast has shown significant benefits on nail and scalp psoriasis, palmoplantar psoriasis, and HRQoL outcomes such as the DLQI and pruritus (itching) VAS.
The aim of this study was to assess the cost-effectiveness of placing oral apremilast within the current context of the NHS and to provide guidance for efficient resource allocation. Under basecase assumptions, administration of apremilast before the standard sequence of biologic therapies was found to be cost-effective when using the conventional WTP threshold of £30,000/QALY. Moreover, it augmented the duration of PASI-75 and PASI-90 responses, while shortening the time in BSC. Patients on BSC due to failure of conventional systemic therapies or biologic therapy may experience increased burden of disease resulting in emotional distress and negative psychosocial functioning that can lead to a negative impact on work, education, personal relationships and activities of daily living (Anstey et al., 2012; Nash et al., 2015) . Few cost-effectiveness analyses on psoriasis have explored the implications of the intervention within a treatment sequence (National Institute for Health and Care Excellence, 2006 Excellence, , 2008a Excellence, , 2008b Excellence, , 2009 Woolacott et al., 2006) . The conventional direct comparison of two interventions was considered a limitation by NICE in previous appraisals, particularly because it is common for patients with psoriasis to cycle through various biologic therapies during the course of their disease in routine NHS practice (Levin et al., 2014) . In the base-case scenario of the present study, apremilast was placed before adalimumab and etanercept in the treatment sequence, the two most widely used biologics for psoriasis management at the time of the analysis. Adding ustekinumab to the sequence did not change the conclusion of the cost-effectiveness result; neither did placing secukinumab or infliximab as a fifth-line therapy prior to BSC. Apremilast remained cost-effective when Benepali, the licensed biosimilar etanercept, was considered. Placing apremilast before the biologic treatments extended the treatment period and reduced patients' time on BSC and on injection-based biologic therapies that usually are associated with high monitoring costs and increased risk of serious infection (Kalb et al., 2015 ; Royal College of Physicians (UK). National Clinical Guideline Centre (UK), 2012b). The apremilast strategy resulted in higher QALYs as a result.
Sensitivity analyses indicated that the model outcomes are dependent on long-term components, particularly the cost of BSC. Increasing the per-cycle resource use for BSC in the scenario analyses to that used in previous NICE single-technology appraisals (ie, TA 103, 134, 146, and 180) effectively improved the ICER to £12,905/QALY, because patients not treated with apremilast spend more time on BSC. Using an arbitrary assumption of 50% hospitalization rate associated with BSC had the opposite outcome and represented one of only two scenarios where the apremilast sequence was not deemed cost-effective. Likewise, higher non-responder costs served to widen the cost differential, because fewer patients treated with apremilast (as opposed to biologic therapies) attain PASI-75, the treatment-efficacy marker chosen for this study. Nonetheless, the DSA and scenario analyses did not reveal any substantial variations in the model conclusions.
The modelling approach employed in this study is a noteworthy strength. The method was derived from the published York Assessment Group model and was adapted to allow for a treatment sequence approach (Woolacott et al., 2006) . This modelling method accurately reflects the natural history and treatment pathways of patients in the United Kingdom with moderate-tosevere plaque psoriasis and allows payers to evaluate the cost-effectiveness of apremilast in a clinically relevant position within the therapy sequence.
Some limitations were apparent in the cost-effectiveness analyses of apremilast. Due to the lack of head-to-head trial data comparing apremilast with each of the comparators, an NMA was conducted to inform the efficacy parameters. The studies included within the NMA showed some heterogeneity that may limit the reliability of the results. Furthermore, no adjustment for baseline risk using methods such as meta-regression was included. This approach was taken to ensure consistency with the majority of previous economic evaluations in psoriasis. Only short-term clinical trial data were incorporated into the analysis -at the detriment of generalizability of prolonged responsesbecause long-term efficacy data were not available. To compensate, we assumed persistence on the therapy of choice after response assessment and factored in an annual discontinuation rate similar to that of previous modelling studies (Woolacott et al., 2006) . The model used PASI score to assess improvements in disease severity which also has inherent limitations. In addition, improvements in psoriasis symptoms unrelated to PASI response, such as scalp and nail psoriasis, and pruritus (itch), were not explicitly included in the model. The model included approved medications available at the time of analysis; recently approved therapeutic options including ixekizumab, brodalumab, guselkumab and dimethyl fumarate were not included in the analysis. Moreover, the model did not explicitly account for costs of treating or disutility arising from AEs. Fixed treatment sequences, especially in scenario analyses with extensive sequences, may not be entirely consistent with real-world practice, because patients tend to customize future treatment prospects according to their previous response and tolerability issues, which are not likely to be homogeneous throughout a study population. Societal benefits were not factored into the model and the potential disutility of administering injectable therapies was not captured, which can be considered conservative toward apremilast. Apremilast treatment has shown a long-term improvement in work productivity based on clinical trial data. Lastly, future work must focus on accurately estimating the costs of BSC in NHS practice, given its importance as a driver of costeffectiveness for apremilast in this study and previous analyses involving biologic therapy.
Conclusions
Apremilast is a non-biologic, oral treatment option available in the treatment armamentarium for psoriatic disease. Based on the assumptions detailed within this analysis, oral apremilast is a costeffective solution that may address the unmet need of patients who have suboptimal disease management or who are not suitable for conventional systemic treatments such as methotrexate. The results of this analysis show that the use of apremilast, in a clinically relevant position before biologic therapy, resulted in less time on BSC and injection-based biologic therapy, and was found to be a cost-effective strategy for the NHS compared with biologic therapy alone at a WTP of £30,000/QALY. Results for scenarios in which apremilast is positioned ahead of sequences of more than two biologic therapies were consistent with those for the base case. The choice of treatment pathway sequencing in moderate to severe plaque psoriasis is likely to be driven by patient and physician choice. Note: "/exp" signifies using the "explode" function of EMBASE to apply the search to the major subject headings including its associated subheadings. PubMed automatically explodes its major subject headings denoted with the keyword "[MeSH]". Table A2 . Key inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
• Studies of patients ≥ 18 years of age unless outcomes for adult patients were reported as subgroups
• Randomized controlled trials (RCT) of psoriasis that:
• included at least one treatment of interest as systemic monotherapy
• reported one or more of the key efficacy/safety endpoints
• were published in English
• Non-randomized observational studies (eg, case reports, case series, observational studies)
• Single-arm studies or studies examining different dosages or formulations of the same drug but without a comparator
• Studies without full-text publications (ie, studies with only conference abstracts or presentations)
• Studies that focused on nail psoriasis ACCEPT (Griffiths et al., 2010) Ustekinumab 45 mg at weeks 0 and 4, then q12w
Ustekinumab 90 Ustekinumab 90 mg at weeks 0 and 4, then q12w
REVEAL Menter, Gordon, Leonardi, Gu, & Goldblum, 2010; Revicki et al., 2008) Placebo Adalimumab 40 mg eow with 80 mg loading Placebo Infliximab 5 mg/kg at weeks 0, 2, and 6 bid = twice daily; biw = biweekly (once every 2 weeks); eow = every other week; q12w = once every 12 weeks; qw = once per week.
